Introduction
Common yew (Taxus baccata L.) is the only species of the genus Taxus growing in Europe. In Poland, this species reaches the eastern limit of its range (Namvar, Spethmann 1986; Dobrowolska et al. 2012) . It grows up to 18-20 m in height and 50 cm in diameter at breast height (Szeszycki 2013) . In historical times, yew occurred more commonly, however, due to its valuable wood and slow growth, the proportion of its occurrence has dropped to almost zero (Sokołowski 2000) .
In order to increase the biodiversity of the forests in Poland, attempts have been made to restore the yew to the area of its natural range. In 2006, the State Forests National Forest Holding developed strategies, reviewed by the experts of the Forest Research Institute, for the protection and conservation of this species 'The restitution of common yew in Poland (2000) .' This programme describes the guidelines for protecting this species in-situ and ex-situ. Active conservation activities were adopted as the basis for protecting the yew, through comprehensive measures such as conducting an inventory of existing yews, choosing populations for increased reproductive activities, improving the natural habitat of existing populations and restoring yews to forest ecosystems within its natural range. The programme identifies the main issues requiring additional investigation. These include the specific habitat and environmental requirements of the common yew and the level of genetic and population variability of existing yew communities in the country. Given the current state of knowledge, it is difficult to determine the guidelines for producing common yew with certainty (Zahara, Łukaszewicz 2002). However, the yew's tolerance for shade is unquestionable, outstanding in comparison with the light requirements of other tree species occurring in Poland (Włoczewski 1968 , Seneta 1981 .
As part of the common yew restitution programme, ex-si-tu conservative plots were established under the canopies of existing tree stands of the State Forests. The aim of this study is to determine the effect of canopy openness and shade species on the growth of yews planted in conservation plots.
Methods
The study subjects were conservation plots of common yew established in 2008 under the canopies of older classes of tree stands in the forest districts of Rokita, Kołaczyce, Baligród, Henryków and Międzylesie. The only exception was two plots established in the Henryków Forest District made up of small clusters of yew. The conservation plots were located under canopies, which, depending on the stand, were made up of: Scots pine (Pinus sylvestris L.), silver fir (Abies alba Mill.), European beech (Fagus sylvatica L.), Norway spruce (Picea abies (L.) Karsten), pedunculate oak (Quercus robur L.) and grey alder (Alnus incana (L.) Moench). Tree stand conditions are presented in Table 1 . Five-year-old yew saplings were planted at a density of 1.5 × 1.5 m in all of the 11 plots established in 2008.
The field work, carried out in three consecutive years -2011 (Rokita), 2012 (Kołaczyce and Baligród), and 2013 (Henryków and Międzylesie), included measurements of he- (61)3Md (61)1Db (61)1Brz (61) 1Jd (61) 1,00 4160
LMwyżśw 5Db (56)3Św (56)1Brz (56) * BMśw -fresh mixed coniferous forest, LMśw -fresh mixed broadleaved forest, LGśw -fresh mountain broadleaved forest, LMwyżśw -fresh upland mixed broadleaved forest, Lwyz św -fresh upland broadleaved forest, LMGśw -fresh mountain mixed broadleaved forest ** So -Scots pine, Św -Norway spruce, Jd -silver fir, Bk -European beech, Ol sz -grey alder, Db -oaks (sessile and pedunculate), Md -European larch. In the brackets -the age of trees is given *** Total number of yews planted in 2008 ight and the height increment of the main shoot of 200 current, 2-year-old and 3-year-old yew saplings in each plot (to the extent that such an amount was confirmed). Additionally, we also assessed the morphological form of the yews and prevailing light conditions in the stands where the yews were planted. The latter of these tasks was performed using a Nikon D5000 camera with a Sigma 4.5 mm F2.8 EX DC 'fisheye' lens, enabling photographs to be taken of the forest canopy at a 180° angle. The camera was on a tripod, positioned above the saplings with the plane of the lens (top lens) positioned horizontally (Strzeliński 2006) . To achieve this, we used a tripod head equipped with a level. The camera was placed at a height of 130 cm above the ground. Photos were taken when the sky was cloudy or at dawn. Exposure settings were manually adjusted (Bolibok 2010a (Bolibok , 2010b . The hemispheric photos were analysed using the Gap Light Analyser programme (Frazer et al., 1999) . The hemispheric photographs were classified on the basis of separating the pixels in the matrix into open ones (sky) and those obscured by the tree canopy (Frazer et al. 1999) . The canopy openness factor was calculated as the ratio of the total amount of open space to the total area of the canopy (Matusz 1960; Frazer et al. 1999 ). In order to be able to compare the height results collected in three consecutive seasons, we used retrospective data on yew growth from 2011. Thus, from the height results obtained in 2012 and 2013, we subtracted the growth attained by yews from one and two years earlier, respectively. To assess the impact of the main species represented in the tree stand (quality predictor) on yew height and height increment, while taking into account canopy openness (continuous variable), the correlation was determined by using the one-way analysis of covariance (ANCOVA) and Tukey's post-hoc test. The Statistica 10 programme was used for the calculations.
Results
The height attained by yews in individual conservation plots varied and ranged from 225 mm in compartment 49a of the Baligród Forest District to 507 mm in compartment 85b of the Henryków Forest District. The general growth trend reflected the height increments attained by yews in 2011, where the average ranged from 45 mm in compartment 89a of the Baligród Forest District to 147 mm in compartment 126d of the Kołaczyce Forest District (Table 2) .
Stand canopy openness was on average from 15% in area 57Ab of the Baligród Forest District to 43% in area 121d of the Henryków Forest District ( Table 2 ). The significance of the linear correlation between stand canopy openness and height of the yew (r = 0.2637, P < 0.0001) and its height increment (r = 0.1709, P < 0.0001) indicates that the transmission of light through the trees is one of the important factors influencing the growth of yew, though not the only one. In general, the higher the ratio of stand canopy openness, the greater the increase in the height increment of the yew.
The results of the ANCOVA confirm this relationship and the significant influence of the species forming the canopy on the height of yews (Table 3) . In order to correct for the influence of stand canopy openness, its average value was used and the average height was estimated of the saplings under the canopies of specific species (Fig. 1) . The Tukey's post-hoc test showed that the best growing conditions for yew are in oak stands, and next in Scots pine. Growth is moderate in beech, fir and spruce, and the weakest in the alder-pine stand (Fig. 1) .
The ANCOVA performed for height increment in yews in 2011 showed trends similar to those found for height (Table. 4). Tukey's test showed four homogeneous groups and oak as having the best influence as a canopy species in contrast to the alder-pine stand, under which yews exhibited the least growth and the lowest annual height increment (2011) (Fig. 2) .
The morphological form of yews in the conservation plots was predominantly treelike, although the proportion with which this form occurred in specific plots was varied. The smallest percentage of treelike individuals was in the Henryków and Rokita Forest Districts (Fig. 3) . The correlation between the proportion of tree-like individuals and average stand canopy openness was negative and statistically significant. This means that as the amount of light passing to the forest floor increases, the number of tree-like individuals decreases in favour of shrub-like yews (Fig. 4) . 
Discussion and conclusions
Yew is a species very sensitive to light conditions. On the one hand, better growth parameters are achieved in stands where more light reaches the forest floor, while on the other hand, more access to light results in a greater proportion of yews with a shrub-like form. It is therefore difficult to determine optimal light conditions. It depends on the purpose for which the yews are being produced, but still, the transmission of light in the stand should not be less than approximately 30%. Helberg's research (1997) indicates that there is a linear dependence between the height increment of yews and the amount of light. This relationship is observed up to a range of 60% of full light, after which, the growth rate of the yew decreases. The provision of more light (over 80% of full light) does not increase the yew's rate of growth. Our study also found this relationship to be positive and statistically significant. Establishing a 30% or slightly higher canopy openness is related to the growth rate of yews in their earliest phase of development. The higher it is, the faster the seedlings emer- ge, overcoming the direct competition of herbaceous vegetation and tree seedlings of faster growing species (Czartoryski 1975) , as well as the pressure of game animals. Köpp and Chung (1997) , who studied seedlings growing under different light conditions (0.3%, 3%, 8%, 30%, 60%, and 100%), also determined a level of 30% as the optimal light intensity. These authors observed a similar tendency as the one described in our study, where the proportion of shrub-like yews increased with greater access to light. According to Muhle (1979) , yews achieve the best health and longevity at a light level of 30%, whereas they have significantly less resistance to frost as the amount of shade increases.
According to Król (1975) , certain conditions must be met for a yew to grow into a tree with a straight trunk, primarily, a long period of growth in more or less evenly distributed light. In order for yews to reach the sapling stage, it is best to weakly thin the tree stand canopy at a frequent rate. For this reason, dense tree canopies transmitting little light, such as those found in the forest districts of Baligród, Międzylesie and Kołaczyce, should be weakly thinned to open up the canopy.
The study shows that oak and pine canopies provide good conditions for the regeneration of yew, and to a lesser extent, spruce, fir and beech. The least appropriate among the species considered in this study for the growth and development of the yew is the alder-pine canopy. Partially convergent information can be found in Krysztofik's research (1983) , conducted in the habitat conditions of the Świętokrzyskie Mountains, who found pine, spruce, larch, sycamore, maple, linden, birch and alder as favourably affecting the height increment of yew, while beech, hornbeam, ash and fir were unfavourable. However, these data are contrary to what Szafer (1913) found in the Kniaźdwór Reserve, where many yews were developing under a canopy of beech and fir. The work of Tomanek and Witkowska-Żuk (2008) provides information about weakly regenerating yews in the alders of the Tuchola Forest. Iszkuło and Boratyński (2004) write about the most abundant occurrence of regenerating yews (2-year-old seedlings) under a canopy of coniferous species, as well as under a canopy of lime and hornbeam.
The information presented here, often contradictory, highlights the gaps in knowledge about the ecology of the common yew. In order to preserve the yew in Poland and to promote its presence in forests, foresters should focus on measures promoting the active protection of this species, those that have already been undertaken, as well as new activities based on the experiences gained thus far.
The results of the measurements and observations conducted in this study should be considered as an introduction to a wider debate on the environmental determinants of producing common yew in forests. Based on information obtained from the inventory of 11 conservation plots of various forest districts in Poland, we can conclude that: -adequate height increment and development of the yew in a tree stand requires the provision of moderate light transmission through the canopy, maintained at a stable level of about 30%; -the percentage of shrub-like yews increases in direct proportion to an increase in stand canopy openness; -when the tree stand canopy is very dense, with an openness remaining well below 30% (20% or less), height increments of yew seedlings are small, which prolongs the period of direct competition with small trees and herbaceous vegetation;
-the height increment of yews is greatest under a tree stand canopy of oak or Scots pine, and then spruce, fir and beech.
